INTRODUCTION

RESULTS
Conditional Deletion of BAF53a in the Adult Hemopoietic System Leads to Bone Marrow
Failure, Aplastic Anemia and Death
To verify the expression pattern of the BAF53a subunit of BAF complexes in the developing hemopoietic system, we measured mRNA levels in FACS-purified populations of mouse bone marrow cells representing different levels of differentiation (i.e. long-term repopulating suggesting that c-kit expression is lost upon BAF53a deletion ( Figure 3D ). Cre + mice as early as 12 days following pIpC administration ( Figure 3E ). This decrease in LT-HSCs was progressive following deletion of the gene (from day 4 to 18 post pIpC; data not shown). The frequency of KLS cells (enriched in LTHSCs) was significantly decreased in the spleen of the mutant mice, indicating that there was no extramedullary hemopoiesis due to the mobilization of HSCs to this organ (9-fold decrease; Figure 3F ). Together, these studies indicate that the BAF53a subunit of BAF complexes is essential for HSC and progenitor cell function and its deletion results in severe pancytopenia and subsequent lethality 2 weeks post-deletion.
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BAF53a is Required for HSC Proliferation and Progenitor Survival
To investigate the cellular mechanisms by which BAF53a regulates HSC function, we analyzed the ability of HSC-enriched populations and committed myeloid progenitors to progress through the cell cycle by performing in vivo BrdU incorporation studies. The percentage of BAF53a-deficient LT-HSCs and Sca1 + Lin -cells (enriched for stem/progenitor cells) that incorporated
BrdU during the incubation period was significantly reduced relative to controls (4-fold and 2.5-fold decrease, respectively; Figure 4B ). Similarly, we observed a 3-and 3.5-fold decrease in the percentage of BAF53a-deficient BrdU + total bone marrow cells and Mac1 + Gr1 + myeloid progenitors compared to controls, respectively ( Figure 4A -B). The cell cycle distribution of bone marrow myeloid progenitors derived from BAF53a-deficient mice was also perturbed. As shown in Figure 4C , we observed a 3-fold decrease in the percentage of S/G2/M phase (cycling) These studies thus suggested that the BAF53a subunit of SWI/SNF-like BAF complexes is an essential cell-autonomous regulators of adult hemopoietic stem cell function.
Survival and Cell-Cycle Regulatory Genes are Downstream Mediators of BAF53a Function in Hemopoietic Stem Cells
To identify the downstream mediators of BAF53a function in hemopoietic stem and progenitor cells, we performed a RNA-seq analysis in control and BAF53a-deficient Sca1 + Lin -bone marrow cells at the earliest time point of deletion (4 days after pIpC-treatment; Figure 6A , Table   S3 ). BAF53a mRNA levels were strongly downregulated in the HSC compartment at time of analysis and in GFP + sorted BAF53a fl/fl (KO) fetal liver cells ( Figure 6B and Table S8 ), while expression levels of the other family member (BAF53b) remained undetectable (data not shown).
Using this approach, we identified more than 2940 genes exhibiting a greater than 2-fold difference in expression in BAF53a-deficient Sca1 + Lin -BM cells (1,492 up-regulated and 1,448 down-regulated transcripts; Table S4 (Tables S5 and S8 ).
Second, several chromatin remodeling genes were found misregulated (n=21 transcripts changed (Table S5 ). Third, we observed changes in expression of several regulators of HSC self-renewal, including Hoxb4
and Bmi1 2;22 (Tables S5 and S8 ). Finally, several p53-targets were found misregulated (n=15 genes; ≥ 2-fold; Table S6 ), suggesting that p53 signaling is involved in mediating BAF53a function in the hemopoietic stem/progenitor cell compartment [28] [29] [30] . Although it remains to be determined whether these genes are primary targets of BAF53a in hemopoietic cells, these findings provide a starting point for future mechanistic studies to uncover the mechanisms of BAF53a-mediated regulation of HSC and progenitor cell behavior.
DISCUSSION
An Essential Role for the BAF53a Subunit of BAF Complexes in Adult Hemopoiesis
A unique characteristics of long-term hemopoietic stem cells (LT-HSCs) is their ability to generate, in a controlled fashion, all mature blood cell elements and maintain their original pool through self-renewal. The process of stem cell self-renewal is probably distinguished from conventional proliferation by the need to replicate the genome in a multipotent epigenetic state.
In this report, we provide evidence that a chromatin remodeling complex containing the BAF53a actin-related protein (ARP) is essential for the inheritance and maintenance of this unique multipotent epigenetic state. Our studies indicate that BAF53a, a subunit of BAF complexes preferentially expressed in bone marrow HSC populations, is essential for adult hemopoiesis.
Homozygote deletion of BAF53a in the mouse is embryonic lethal. Using a conditional knockout allele, we show that BAF53a is required for adult bone marrow HSC self-renewal/ proliferation and progenitor survival. BAF53a-deficiency in adult HSCs leads to multilineage bone marrow failure, aplastic anemia and lethality within 3 weeks following deletion. Using hemopoietic chimeras, we demonstrated that the impaired function of BAF53a-deficient HSCs is cell autonomous and independent of the bone marrow microenvironment. Transcriptional profiling revealed distinct changes in the expression of several cell-cycle and stem cellregulatory genes in the mutant HSC compartment as well as several p53-targets, thus highlighting particular mechanisms by which BAF53a may mediate these functions.
BAF53a is Essential for Adult HSC/Progenitor Cell Proliferation and Controls the Expression of Cell Cycle-Regulatory Genes
Regulation of the cell cycle plays an important role in the maintenance of the HSC pool.
Majority of mouse HSCs is quiescent and divides at most once every 4 weeks 1 
BAF53a is Specifically Required for the Survival of Bone Marrow Progenitors
Survival is another critical factor for the maintenance of the bone marrow HSC pool. 
How might BAF53a Mediate Targeting of BAF Complexes to Stem Cell Regulatory Genes?
The current model for the function of ATP-dependent chromatin remodeling complexes is that a core ATPase is essential for the mobility of nucleosomes 45 and the associated subunits are involved in recruiting the complexes to their sites of action though the interaction with DNAbound factors. Thus, one possibility is that the specific combination of subunits assembled 
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In conclusion, we provide genetic evidence that BAF53a is an essential and cell autonomous epigenetic regulator of adult mammalian HSC maintenance. As BAF53a is similarly required for the maintenance of neural stem cells 12 
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